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(54) Error control method and apparatus for wireless data communication 



(57) An error control method for wireless data trans- 
mission over a digital mobile communication system in- 
cludes a step of obtaining, during data communication, 
statistical information including transmission error infor- 
mation at a receiving side, a step of determining an error 
control strategy and/or a value of at least one parameter 



of the error control strategy which are optimum for trans- 
mission path conditions at that time, based upon the ob- 
tained statistical information, and a step of using the de- 
termined error control strategy and/or the at least one 
parameter for the error control during data communica- 
tion. 
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Description 

FIELD OF THE INVENTION 

5 The present invention relates to an error control method and apparatus for wireless data communication, particu- 

larly to an error control method and apparatus for wireless data transmission over a digital mobile communication 
system such as a PHS (Personal Handy phone System), one of various digital mobile/car phone systems or a digital 
private wireless LAN (Local Area Network) system. 

10 DESCRIPTION OF THE RELATED ART 

Recently, data transmissions via mobile terminals of the mobile communication system have been popular in prac- 
tice with the spread of personal computer communications or of internet accesses. These wireless data communications 
have been utilized not only for private use but also for business use. 

is in general, under the radio link environment, transmission path conditions will greatly vary due to the special effects 

of radio propagation such as fading. Therefore, most of the digital mobile communication systems adopt at least one 
error control strategy such as for example the FEC (Forward Error Correction) strategy or the ARQ (Automatic Repeat 
Request) strategy so as to reduce bit errors which may occur during passage through the radio link. 

In the PDC (Personal Digital Cellular) system which is one of the Japanese digital mobile phone systems, the data 

20 communication of 2400 bit/s adopts the FEC strategy using BCH (Bose Chaudhuri Hocquenghem) code and the data 
communication of 9600 bit/s adopts the ARQ strategy with a combining Go-Back-N and Selective Repeat protocols. 
In another mobile communication systems, the FEC strategy, the ARQ strategy or the FEC/ARQ hybrid strategy may 
be adopted for data communication. 

According to the conventional data transmission over the mobile communication system, the error control strategy 

2S is not changed and its parameters are also fixed while the communication link is kept in connection. For example, in 
the above-mentioned data transmission of 2400 bit/s over the PDC system, the BCH code length is fixed to 15 bits 
and the information length is fixed to 4 bits as well as the depth of the associated interleaving is fixed to 73 while the 
connection is kept. Also, in the 9600 bit/s data communication, both the frame length and the modulo number for ARQ 
are fixed to certain values during the connection. 

30 However, since the transmission path conditions will always vary in the mobile radio link environment, the un- 

changed error control strategy and fixed parameters thereof will introduce the following problems. 

The error control strategy and its parameters are usually designed so that bit errors can be reduced even when 
the transmission path conditions are somewhat poor. Therefore, when the conditions are relatively good, it is not nec- 
essary to execute such error control, in other words, no bit error will be occurred without executing such error control. 

3S in such conditions, it is required to increase the amount of information which can be transmitted per a unit of time rather 
than executing such the error control. For example, in the above-mentioned data transmission of 2400 bit/s over the 
PDC system, the maximum transmissbn efficiency can be obtained if all 15 bits of the BCH code are used for data 
transmission under good transmission path conditions. However, in fact, only 4 bits in the 1 5 bits of the BCH code can 
be utilized for data transmission causing a very tow transmission efficiency of 4/15. Similar to this, in the data trans- 

40 mission of 9600 bit/s over the PDC system, 48 bits are utilized for the ARQ control information whereas 176 bits are 
used for data transmission causing also a low transmission efficiency of 176/224. 

On the contrary, when the transmission path conditions become worse than the conditions estimated at designing 
the error control method and its parameters, the transmission performance cannot be kept in good by means of the 
designed error control method and the parameters. As a result, bit error may be occurred in the data transmitted to 

45 the user, the transmission delay may exceed the maximum permissible limit, or the throughput may be lowered. In an 
extreme case, no data transmission is possible causing the transmission link to be disconnected. 

SUMMARY OF THE INVENTION 

50 it is therefore an object of the present invention to provide an error control method and apparatus for wireless data 

transmission over a digital mobile communication system, whereby possible error can be adaptively controlled by using 
an optimum error control strategy and/or its parameters which are possible to change depending upon the variation of 
transmission path conditions. 

According to the present invention, an error control method for wireless data transmission over a digital mobile 

ss communication system includes a step of obtaining, during data communication, statistical information including trans- 
mission error information at a receiving side, a step of determining an error control strategy and/or a value of at least 
one parameter of the error control strategy which are optimum for transmission path conditions at that time, based 
upon the obtained statistical information, and a step of using the determined error control strategy and/or the at least 
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one parameter for the error control during data communication 

During data transmission, the statistical information including transmission error information are obtained and 
then an opt,mum error control strategy and/or its parameters for transmission path condition at that time are determined 
tn accordance w,th the obtained statistical information. Thus, possible error can be adap.ive.y controlled by usTan 
optimum error control strategy anoVor its parameters which are possible to change depending upon the vahat on of 
transmission path condit.ons. Name.y, when the transmission path conditions are relatively good the" InZ^s^ 
effiaency (throughput) can be increased, whereas when the conditions become somewhat ^e .ransmS per- 
formance can be kept or improved. "onsmission per 

.tJrZaT' ^ ad ? ,in9 th l erf0r COn,r °' meth0d and appara,us of ,he P resent inven '™ to a mobile terminal 
C ° mmun,Ca,IOn can be achieved even when the mobile terminal locates at far from a base station and 

TZ Z l :r ,r ,S T""* P °° r Wi,h VerV ' OW mean r6Ceived Si 9" al ,evel and ^ Violent fading A^o 

z b ^~^zz attained when the mobiie ,erminai is moving and - ~^ * 

It is preferred that the determining step includes a first selection step of selecting values of condition parameters 
whic ^represent concMions of a wireless transmission link, based upon the obtained statistical HoaJ^wZZ 
to a prehminarily determined refation between the statistical information and the condition parameter values and a 

T^rZ mm 'T err0f COn,r °' S,ra,e9y and/ ° r thG 81 ' eaSt ° ne Parame,er of ,he e ™ co ^°' strategy based upon 
the selected condition parameter values. H 

In this case, preferably, the determining step includes a second selection step of selecting an error control strategy 
and/or a. leas, one parameter of the error control strategy which are optimum for Iransmission path conditions ai that 
,me. based upon the selected condition parameter values, by reference to a preliminarily determined region between 
the cond,t,on parameter values and the error control strategy and/or the a, feast one parameter of the error contro" 

It is also preferred that the determining step includes a step of selecting an error control strategy and/or at least 

ZnThe^Snt < 77 TT S,ra,e9y ° P,imUm ' 0r «™ s ™ Pa<h conditions a, that time, based 

ilJ^r ^ '"Nation, by reference to a preliminarily determined relatbn between the statistical 

informat.on and the error control strategy and/or the at least one parameter of the error control strategy. 

din^hi'," 9 1 ° PreS r l inVen,i ° n ' ,Ufthermore ' an error cont rol apparatus for wireless data transmission over a 
d,g,tal mobile commun,cat,on system, includes a statistical information extraction unit for obtaining during data com- 

dZS S,,Ca ' ,n, ?T ti0 " inC ' Udin9 ,ransmission e ™ W«™ 'ion at a receiving side, a determination unTfor 
on , 9 ? err0r S,ra,e9y and/ ° r 3 Va ' Ue * a ' le3St °™ parameter of ,he error strategy which are 

u TZ Zt ,ranSm ' SSIOn Path C< r di,i ° nS 31 ** ,ime ' based u P° n the statistica. information, and a unit tor 

nfcaC de,erm ' ned err ° r COntro1 S,ra,e9y and/or the at ,east °" e P^ameter for the error control during data commu- 

bet ItnZZSy?^ de,e : mimti ° n unit inc,udes a firsl ™mory unrt for storing a preliminarily determined relation 
between the statical mformat.on and values of condition parameters which represent conditions of a wireless trans- 

Z bv It" 3 f ' rSt t Se ' eCt, °? Unit ,0f Se ' eC,ing COndi,ion parame,er values based "PO" «he obtained statistical informa- 
l r T, relatl ° n S, ° red in ,hS ,irSl mem0,V Uni '- "« a unit ,or ^mining the error control strategy 
^I 6 ! T, Pafame,er ° f ,he err ° r COn,rol s,rate 9V based "P°" the selected condition parameter values 
h.JZ ,hJ * 2 determ,na,lon unrt ,ncludes a Mcond memory unit for storing a preliminarily determined relation 

conTroU, T ""T Va,U6S ^ ,he at ,east one P ara ™ter of the 12 

control strategy, and a second select™ unit for selecting an error control strategy and/or at least one parameter of the 

oa^rr'T^^^^ 

parameter values, by reference to the relation stored in the second memory unit 

bet lenTe SZf. ^IIT™^ inC ' UdeS 8 '° r St0ring a P rel ™nah.y determined refation 

between the stat.st.cal mformahon and the error control strategy and/or the at least one parameter of the error control 

2: ? Un,t I" r^ 9 an err ° r COn,r °' S,ra,69y and/ ° r 31 ,eaSt ° ne parame «- °" < ha -ror eSJESE 
S^n '!,° P r Un ; ? ,ranSm,SS,0n path condilions al *- "me, based upon the obtained statistical information by 
reference to the relation stored in the memory unit. V 

siJjtZnr!' COndition P arameters includ * at least one of a fading rate, a fading depth, a ratio of mean received 
s.gnal level to mean received no,se level and a delay spread in the wireless transmission link 

Preferably, the statistical information include at least one of a received signal level, a received noise level infor- 
mation of corrected bit/symbol error and information indicating uncorrectable error 

«*JL! a ' SO H 8<er ^ d ^ StatiS,iCal information ,urther includ « at least one of a number of errors occurred per a 
predetermmed penod of time, a fluctuation of the number of errors per a predetermined period of time a number of 

sTon^ln ^ P f r a pred f rmined * a burst error length, a burs, error interval. TmeanTc^ Z 

s ig nal level per a predetermmed penod of time, a fluctuating width of the received signal level per a predetermined 
period of time, a ffuctuating period of the receded signa. level, and a mean noise levefper a pred'eteXd peZ o" 
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time. 

The error control strategy may includea FEC strategy FEC codes used in the FEC strategy may be Reed Solomon 
codes. 

The error control strategy may include an interleaving strategy and/or an ARQ strategy. 

According to the present invention, a data transmission system provided with a sending side device and a receiving 
side device which have at least one pair of the above-mentioned error control apparatuses, and a bidirectional trans- 
mission link for connecting the sending side device and the receiving side device is provided. 

Further objects and advantages of the present invention will be apparent from the following description of the 
preferred embodiments of the invention as illustrated in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram schematically illustrating a preferred embodiment of an error control system for data 
transmission over a digital mobile communication system, according to the present invention; 
Fig. 2 illustrates an example of interleaving with respect to FEC coded data; 
Fig. 3 illustrates an example of deinterleaving of interleaved data; 

Fig. 4 is a block diagram illustrating a concrete configuration of a transmission path condition detecting unit in the 
embodiment of Fig. 1 ; 

Fig. 5 is a characteristic view illustrating a certain relationship of the Doppler frequency with respect to the burst 
error length and the burst error interval; 

Fig. 6 is a block diagram schematically illustrating an another embodiment of an error control system for data 
transmission over a digital mobile communication system, according to the present invention; 
Fig. 7 is a block diagram schematically illustrating a further embodiment of an error control system for data trans- 
mission over a digital mobile communication system, according to the present invention; 

Fig. 8 is a block diagram schematically illustrating a still further embodiment of an error control system for data 
transmission over a digital mobile communication system, according to the present invention; 
Fig. 9 is a block diagram schematically illustrating an another embodiment of an error control system for data 
transmission over a digital mobile communication system, according to the present invention; 
Fig. 10 constituted by combining Figs 10A and 10B is a block diagram schematically illustrating a further embod- 
iment of an error control system for data transmission over a digital mobile communication system, according to 
the present invention; and 

Fig. 1 1 is a block diagram schematically illustrating a further embodiment of an error control system for data trans- 
mission over a digital mobile communication system, according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As will be apparent from Fig. 1 schematically illustrating a preferred embodiment of an error control system for 
data transmission over a digital mobile communication system, according to the present invention, the error control 
system is constituted by a sending side device 1 and a receiving side device 2 connected with each other by a trans- 
mission link 3 which includes a radio path. 

The sending side device 1 has a FEC coding unit 11, an interleaving unit 12 and a transmitter unit 13, whereas 
the receiving side device 2 has a receiver unit 23, a deinterleaving unit 22, a FEC decoding unit 21, a transmission 
path condition detecting unit 24 and a strategy and parameter determining unit 25. 

The FEC coding unit 11 in the sending side device 1 codes the input data in accordance with the FEC strategy. In 
this coding process, either block codes such as BCH codes or RS (Reed Solomon) codes, or convolutional codes are 
used as the FEC codes. As for parameters in the block code FEC strategy, there are for example a generator polynomial 
(generator matrix), a block length, an information length in a block (or coding rate) and the number of correctable errors 
in a block. As for parameters in the convolutional code FEC strategy, there are for example a constraint length (generator 
polynomial), a coding rate and a truncated path length at the Viterbi decoding. In this embodiment, the FEC strategy 
and at least one of these parameters can be changed in accordance with variation of the transmission path conditions, 
during data communication. 

The FEC coding unit 11 is followed by the interleaving unit 12 for interleaving the FEC coded data. Since enough 
correction against possible burst errors cannot be expected in certain types of the FEC strategy, possible errors which 
will be occurred on the transmission path are randomized by this interleaving and then the occurred errors are corrected 
by using the FEC strategy. 

Fig. 2 illustrates an example of the interleaving at the interleaving unit 12. In this example, the FEC coded data 
are interleaved in unit of a symbol composed of a plurality of bits. As shown in the figure, the FEC coded data are 
sequentially input in the order of symbols 1. 2, 3, .., L, L+1,..., and then sequentially output to the transmitter unit 13 
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h^T d ?h°' Hn^ IS 1 ' U1 " 2L+1 (D+1)L+1 - Z U2 (D - 1) U2 ' 3 L+3 where L deno,es » interleaving 
block length, and D denotes an interleaving depth. The interleaving is executed in unit of every LxD symbols In case 

of us.ng the block codes such as the BCH codes or the RS codes as the FEC codes. L may be typically selected to 
be equal to the block code length but can be selected to another value. As for parameters of interleaving, there are an 
interleaving block length and an interleaving depth. In this embodiment, at least one of these parameters can be 
changed in accordance with variation of the transmission path conditions, during data communication 

Although the FEC coded data are interleaved in units of symbols in this example, it is apparent that the data may 
be interleaved in units of bits. " 

The transmitter unit 1 3 executes known transmitting processes with respect to theoutput data from the interleaving 
unit 12 and then sends the processed signals to the receiving side device 2 via the transmission link 3 The known 
transmitting processes may include for example a process of framing for transmission, a modulation process a process 
of converting frequency up to a radio frequency and an amplifying process 

The transmitted signals are received by the receiver unit 23 in the receiving side device 2 via the transmission link 
3 including the rad<o link. Due to fading occurred during the transmission via the radio link, the level of the transmitted 
signal at the receiver unit 23 will greatly vary with respect to time. Also, due to delayed waves, the transmitted signal 
at the receiver unit 23 may be a composite signal of various signals with different delay amounts 

The «*e.ver 23 executes known receiving processes with respect to the received signal via the transmission 
ink 3. and then outputs the processed signals to the deinterleaving unit 22. The known receiving processes may include 
for example a filtering process, an amplifying process, a frequency converting process, a demodulation process and 
a process of data separation in a transmission frame. 

The deinterleaving unit 22 deinterleaves the data sequence from the receiver unit 23 to restore the order of the 
interleaved symbols or bits. If the data was interleaved in the way shown in Fig. 2. the deinterleaving will be executed 
as shown in Fig. 3. Namely, as shown in the figure, the data from the receiver unit 23 are sequentially input in the order 

?o? °i' J (D + 1)L + 1,2,U2,...,(D-1).U2,3,L + 3 and then sequentially output to the FEC decoding 

unit 21 in the order of symbols 1,2, 3 L, L+1 

^ I! 16 ,? 0 d , ecoding unit 21 dGcodes the in P ut da *a " accordance with the using FEC strategy, and outputs the FEC 
decoded data In this decoding process at the FEC decoding unit 21 , error relating information which will be described 
later are simultaneously obtained. 

On the other hand, in the receiving process at the receiver unit 23, information with respect to a received signal 
lained 3 "** ' eVe ' ^ *" °' ^ Pa " em °' <h6 re ° eiVed Signal are si ™'taneousty ob- 

The transmission path condition detecting unit 24 receives, during the data communication, these raw information 
from the FEC decoding unit 21 and the receiver unit 23, and detects the conditions in the transmission link 3 through 
which the received signals have passed. Fig 4 schematically illustrates a concrete configuration of this condition de- 
tecting unit 24. 

As shown in the figure, the condition detecting unit 24 has a first information modifying part 241 for modifying if 
necessary, the error relating information (raw information) from the FEC decoding unit 21 to produce modified infor- 
mation, a second information modifying part 242 for modifying, if necessary, the information (raw information) from the 
receiver unit 23 to produce modified information, a condition parameter production part 243 for producing condition 
parameters indicating the transmission path conditions, based upon the raw information and the modified information 
(in this description, both of the raw information and the modified information are called as -statistical information in- 
cluding transmission error information"), and a relation memory part 244 for storing a relation between the statistical 
information including transmission error information and the values of the respective condition parameters in a form 
of relational functions or relational database. 

As for error relating information (raw information) applied to the first information modifying part 241 from the FEC 
decoding unit 21 , there are corrected bit/symbol error pulses and uncorrectable error pulses for example The corrected 
bit/symbol error pulses are pulses provided from the FEC decoding unit 21 when there exists a bit or symbol (a unit of 
error correction) corrected by the FEC slralegy. The uncorrectable error pulses are pulses provided from the FEC 
decoding unit 21 when the occurred error cannot be corrected by the FEC strategy, in other words, when errors ex- 
ceeding the correctable limit occur. 

The first information modifying part 241 modifies these error relating information (raw information) and outputs 
various modified information such as a number of errors occurred (corrections executed) per a predetermined period 
of time n, a fluctuation of the number of errors per a predetermined period of time I , a number of uncorrectable errors 
per a predetermined period of time m, a burst error length and a burst error interval. The number of errors n can be 
obtained by counting the bit/symbol error pulses for a predetermined period of time T. The fluctuation of the number 

0 ZTxl?^* ° b,a J ned ,r ° m 3 S,andafd deViati ° n °* K numbers of errors n calculated for a predetermined period 

01 time KXT. The number of uncorrectable errors m can be obtained by counting the uncorrectable error pulses for a 
predetermined period of time T. Supposing that errors are consecutive when an inlen/al between the neighbor bit/ 
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symbol errors is within a predetermined number of bits/symbots and that the consecutive sequence of errors are burst 
errors, the burst error length can be obtained from a mean value of the lengths of these burst errors. The burst error 
interval can be provided from the average number of bits/symbols of a burst error and of the next burst error. 

As for information (raw information) input into the second information modifying part 242 from the receiver unit 23, 
there are a received signal level and a noise level for example. The received signal level is information provided by 
measuring an intensity of the received signal at the receiver unit 23. The noise level is information provided by meas- 
uring an intensity of noise on the received signal at the receiver unit 23. 

The second information modifying part 242 modifies these information (raw information) and outputs various mod- 
ified information such as a mean received signal level per a predetermined period of time r, a fluctuating width of the 
received signal level per a predetermined period of time o, a fluctuating period of the received signal level and a mean 
noise level per a predetermined period of time. The mean received signal level r can be obtained by calculating a mean 
value of the received signal level for a predetermined period of time t. The fluctuating width of the received signal level 
o can be obtained from a standard deviation of k mean received signal levels r calculated for a predetermined period 
of time kxt. The fluctuating period of the received signal level can be obtained by calculating for example a mean value 
of the received signal level from a time the received signal level once crosses a certain threshold level to a time the 
level crosses again the threshold level to the same direction. The mean noise level can be obtained by calculating a 
mean value of the noise level on the received signal for a predetermined period of time t. 

The relation memory part 244 preliminarily stores a relation between the statistical information including transmis- 
sion error information, which statistical information are composed of the raw information and the modified information, 
and the values of the respective condition parameters in a form of relational functions or relational database. As for 
condition parameters, there are a Doppler frequency (fading rate, inverse value of fading period), a fading depth, a 
ratio of mean received signal level to mean noise level (mean C/N), a delay spread (varied time-delay due to reflections) 
and a ratio of propagation levels of line-of -sight (direct wave) to non line-of -sight (reflected wave). Under various trans- 
mission path conditions, a relation between values of these condition parameters and the statistical information includ- 
ing transmission error information has been previously obtained by experiments for example. Then, the relation has 
been stored in the relation memory part 244. If the relation can be represented by mathematical expressions or ap- 
proximate expressions, the expressions are stored. Otherwise, data tables representing the relation between the con- 
dition parameter values and the statistical information including transmission error information may be stored. Table 1 
indicates an example of these tables. 
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Referring to the relation previously stored in the memory part 244, the condition parameter production part 243 
finds and outputs condition parameter values which correspond to values of the statistical information including trans- 
mission error information provided from the first and second information modifying parts 241 and 242. If the relation is 
represented by expressions, the condition parameter values can be directly obtained by substituting the values of the 
s statistical information including transmission error information into the stored expressions. However, if the relation is 
represented by data tables, the provided statistical information including transmission error information values may 
not always coincide with the values described in the table. In such cases, each of condition parameter values corre- 
sponding to the table value which is the nearest to the value of the provided statistical information including transmission 
error information may be selected, or a plurality of condition parameter values corresponding to the table values which 
io approximate the value of the provided statistical information including transmission error information may be first se- 
lected and then one of the selected condition parameter values may be decided by using interpolation or by majority. 

There are folbwing qualitative relations for example between the statistical information including transmission error 
information and the condition parameters. 

is (1 ) Relation between a burst error length and a burst error interval, and a Doppler frequency (fading rate, inverse 

value of fading period): 

Longer burst error length and burst error interval will result lower Doppler frequency (slower fading rate). 

(2) Relation between a fluctuating period of the received signal level and a Doppler frequency (fading rate, inverse 
value of fading period): 

20 Longer fluctuating period of the received signal level will result lower Doppler frequency (slower fading rate). 

(3) Relation between a fluctuating width of the received signal level and a fading depth: 

Lager fluctuating width of the received signal level will result larger fading depth. 

(4) Relation between a fluctuation of the number of errors per a predetermined period of time Z and a fading depth: 

Lager fluctuation of the number of errors will result larger fading depth. 
25 (5) Relation between a mean received signal level per a predetermined period of time r and a mean noise level 

per a predetermined period of time, and a mean C/N: 

Mean C/N is obtained from a ratio of the mean received signal level r to the mean noise level. 
(6) Relation between a number of errors per a predetermined period of time, a number of uncorrectable errors per 
a predetermined period of time, a mean received signal level per a predetermined period of time r and a mean 
30 noise level per a predetermined period of time, and a delay spread: 

If a ratio of the mean received signal level r to the mean noise level (mean C/N) is constant, larger number 
of errors and number of uncorrectable errors per a predetermined period of time will result larger delay variance. 

By quantitatively evaluating the above-mentioned relations, relation between the statistical information including 
35 transmission error information and the condition parameters can be represented by expressions or tables. Fig. 5 illus- 
trates characteristic indicating a relation between a burst error length and a Doppler frequency (fading rate) and a 
relation between a burst error interval and a Doppler frequency in PHS, where it is considered that consecutive errors 
are occurred if symbol error interval is within 20 bytes (1 symbol - 1 byte, 8 bits). By using these characteristics, the 
Doppler frequency value can be determined from the burst error length or from the burst error interval. 
40 Depending upon the condition parameter values applied from the transmission path condition detecting unit 24, 

the strategy and parameter determining unit 25 determines an optimum FEC strategy and/or an optimum interleaving 
strategy as well as optimum values of FEC parameters and/or of interleaving parameters at that transmission path 
conditions. 

In this embodiment, the strategy and parameter determining unit 25 determines the strategies and/or their param- 
45 eters as follows. A plurality of typical combinations of condition parameters indicating transmission path conditions 
(Doppler frequency (fading rate), fading depth, ratio of mean received signal level and mean noise level (mean C/N) 
and delay spread for example) are selected. Relations of optimum or approximately optimum FEC strategy and inter- 
leaving strategy and also optimum FEC and interleaving parameter values with respect to various transmission path 
conditions represented by the selected condition parameters are preliminarily obtained by experiments for example. 
50 |f the relation can be represented by mathematical expressions or approximate expressions, the expressions are stored. 
Otherwise, data tables representing the relation between the condition parameter values and optimum strategies and 
their parameters may be stored. Table 2 indicates an example of these tables. 
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TRANSMISSION PATH CONDITIONS 


OPTIMUM STRATEGIES AND PARAMETER VALUES 
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HORIZON) 




PfXTTTVYM 


rAlWtlLK 1 

(CODE 
LENGTH) 


rAKAMcItK Z 
(PARITY 
LENGTH) 


parameter i 

(BLOCK LENGTH) 


PARAMETER 2 
(DEPTH) 


20 


0. 1 


0 


RSOODE 


200 


1 0 


200 


20 


20 


0. 1 


1 0 


BCH CODE 


200 


1 0 


200 


1 0 


20 


0. 5 


0 


RS CODE 


200 


20 


200 


20 


20 


0. 5 


10 


BCH CODE 


1 00 


1 o 


200 


1 0 


50 


0. 1 


0 


RS CODE 


1 50 


30 


150 


7 


50 


0. 1 


1 0 


RSOODE 


200 


1 4 


200 


5 


50 


0. 5 


0 


RS CODE 


100 


30 


100 


1 0 


50 


0. 5 


1 0 


RS CODE 


200 


1 8 


200 


5 



Referring lo the relation previously stored, the strategy and parameter determining unit 25 finds and outputs opti- 

n a U rJ t , ''f ff* in,er,eavin 9 s,ra,e 9 v as we » as °P«™m FEC parameter values and/or optimum interleaving 
parameter values which correspond to the condition parameter values provided from the transmission path condition 
de ecting unit 24. If the relation is represented by expressions, the strategy and/or the parameter values can be directly 
obtained by subst.tut.ng the condition parameter values into the stored expressions. However, if the relation is repre- 
sented by data tables, the provided condition parameter values may not always coincide with the values described in 
he table. In such cases, each of strategies and/or their parameter values corresponding to the table value whfch is 
the nearest to the value of the provided condition parameter may be selected, or a plurality of strategies anoVbr their 
parameter values corresponding to the table values which approximate the provided condition parameter value may 
be first selected and then one of the selected strategies and/or their parameter values may be decided by using inter- 
polation or by majority. ' a 

There are following qualitative relations for example between the condition parameter values and the FEC strateqy 
the interleaving strategy, the FEC parameter values and the interleaving parameter values. 

(1 ) Relation between a Doppler frequency (fading rate, inverse value of fading period) and an interleaving length 

Lower Doppler frequency (slower fading rate) will result longer interleaving length (interleaving block length 
x interleaving depth). 3 

(2) Relation between a mean C/N and a delay spread, and a FEC coding rate 

rate ^ ^ FE ° ra,e ' ^ Spread Wi " result larger FEC codin 9 

In this embodiment as aforementioned, in accordance with the statistical information including transmission error 
information optimum FEC strategy and/or interleaving strategy as well as optimum FEC parameter values and/or 
op .mum interleaving parameter values are finally determined. However in a modified embodiment, it may be finally 
determined by the s.milar manner that respective values of the FEC parameters and/or the interleaving parameters 
should be increased or decreased. 

Information with respect to thus determined FEC strategy, interleaving strategy, FEC parameter values and/or 
interleaving parameter values, or to the determined increasing or decreasing direction of the FEC parameter values 
and/or rnterleav.ng parameter values are transmitted from the strategy and parameter determining unit 25 to the FEC 
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coding unit 11 and the interleaving unit 12 in the sending side device 1 by means of an appropriate path at need so as 
to change the error control strategy and/or the parameters during data communication. If the data communication is 
carried out through a bidirectional transmission link, the above-mentioned information will be transmitted via this bidi- 
rectional link. Otherwise, the information will be transmitted to the sending side device 1 via an any another transmission 
s link. 

In general, under radio link environment of the mobile communication, burst bit errors (errors occurring very close 
together) may frequently occur due to for example fading. The occurring pattern of the errors depends on transmission 
path conditions such as a fading rate, a fading depth, a ratio of mean received signal level to mean noise level and a 
delay spread. Therefore, according to the embodiment of Fig. 1 , condition parameters such as a fading rate, a fading 

10 depth, a ratio of mean received signal level to mean received noise level, a delay spread and a propagation level ratio 
of line-of-sight and non line-of-sight are obtained depending upon statistical information including transmission error 
information, which statistical information are composed of raw information during data communication such as a re- 
ceived signal level, a received noise level, corrected bit/symbol error pulses and uncorrectable error pulses and of 
modified information such as a mean received signal level per a predetermined period of time r, a fluctuating width of 

'5 the received signal level per a predetermined period of time o, a fluctuating period of the received signal level, a mean 
noise level per a predetermined period of time, a number of errors occurred (corrections executed) per a predetermined 
period of time n, a fluctuation of the number of errors per a predetermined period of time Z , a number of uncorrectable 
errors per a predetermined period of time m, a burst error length and a burst error interval. Then, an optimum FEC 
strategy, interleaving strategy, optimum FEC parameter values and/or optimum interleaving parameter values for the 

20 transmission path conditions represented by the obtained condition parameter values are determined and changed 
during data communication, so that the transmission efficiency is always kept at the maximum value. 

Fig. 6 schematically illustrates an another embodiment of an error control system for data transmission over a 
digital mobile communication system, according to the present invention. As will be apparent from this figure, the error 
control system is constituted by a sending side device 61 and a receiving side device 62 connected with each other 

25 by a transmission link 3 which includes a radio path. 

In the error control system of this embodiment, only a FEC strategy is executed without accompanying with any 
interleaving strategy. Therefore, in the sending side device 61, output of the FEC coding unit 11 is directly applied to 
the transmitter unit 13, whereas in the receiving side device 62, output of the receiver unit 23 is directly applied to the 
FEC decoding unit 21 A strategy and parameter determining unit 625 in the receiving side device 62 determines only 

30 a FEC strategy and its parameters depending upon condition parameter values provided from the transmission path 
condition detecting unit 24. Constitution, operations and advantages of this embodiment are the same as these in the 
embodiment of Fig. 1 except that this embodiment does not carry out interleaving and deinterleaving operations. In 
this embodiment shown in Fig. 6, the similar elements as that in the embodiment of Fig. 1 are provided with the same 
reference numerals. 

35 Fig. 7 schematically illustrates a further embodiment of an error control system for data transmission over a digital 

mobile communication system, according to the present invention. As will be apparent from this figure, the error control 
system is constituted by a sending side device 71 and a receiving side device 72 connected with each other by a 
transmission link 3 which includes a radio path. 

In the error control system of this embodiment, an ARQ strategy is executed in addition to the FEC strategy and 
40 the interleaving strategy. In the embodiment, the similar elements as that in the embodiment of Fig. 1 are provided with 
the same reference numerals. 

The sending side device 71 has a sending side ARQ unit 10, the FEC coding unit 11, the interleaving unit 12 and 
the transmitter unit 13, whereas the receiving side device 72 has the receiver unit 23, the deinterleaving unit 22, the 
FEC decoding unit 21 , a receiving side ARQ unit 20, a transmission path condition detecting unit 724 and a strategy 
45 and parameter determining unit 725. 

The sending side ARQ unit 10 in the sending side device 71 converts the input data frame into frames which are 
necessary for ARQ control (ARQ frames) and outputs the converted data to the FEC coding unit 11. The ARQ frame 
has not only the input data but also additional information necessary for ARQ control such as a transmission frame 
number and a number of error detecting bits. In this embodiment, any ARQ strategy including a typical Go-Back-N 
50 type ARQ strategy, a Selective Repeat type ARQ strategy or another ARQ strategies can be used. As for parameters 
in the ARQ strategy, there are for example an ARQ frame length, the maximum number of error detecting bits and a 
modulo number for frame number. In this embodiment, the ARQ strategy and at least one of these parameters can be 
changed in accordance with variation of the transmission path conditions, during data communication. 

Constitution and operations of the FEC coding unit 11, the interleaving unit 12 and the transmitter unit 13 in the 
55 sending side device 71 and also of the receiver unit 23, deinterleaving unit 22 and the FEC decoding unit 21 are the 
same as these in case of the embodiment of Fig. 1 . 

In the receiving side device 72, the FEC decoded data from the FEC decoding unit 21 are applied to the receiving 
side ARQ unit 20. This ARQ unit 20 detects a possible error in accordance with the ARQ control information in the 
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ARQ frame, and executes depending upon whether an error exists or not, a repeat request process in accordance with 
the ARQ strategy used. In case that an error is detected after decoding at the FEC decoding unit 21 , it is unnecessary 
or the ARQ unit 20 to detect a possible error In such case, the ARQ unit 20 can utilize the error information provided 
from the FEC decoding unit 21 without executing error detection. 

In accordance with the ARQ strategy, information needed for ARQ control (backward ARQ control information) will 
be returned from the receiving side ARQ unit 20 to the sending side ARQ unit 10 by means of a return path If the data 
commun.cat.on is carried out through a bidirectional transmission link, the above-mentioned backward control infor- 
mation win be returned via this bidirectional link Otherwise, the information will be returned to the sending side ARQ 
unit 10 via an any another transmission link. 

In the ARQ receiving process at the receiving side ARQ unit 20, error relating information of the ARQ frame is 
simultaneously obtained. This obtained information is applied to the transmission path condition detecting unit 724 
Thus the cond.t.on detecting unit 724 detects, as the similar manner as that of the condition delecting unit 24 in the 
embodiment of Fig. 1, the conditions in the transmission link 3 through which the received signals have passed by 
using the statistical information including transmission error information, which statistical information contains the ARQ 
frame information (raw information) and its modified information, and outputs the condition parameter values 

Depending upon the condition parameter values applied from the condition detecting unit 724, the strategy and 
parameter determining unit 725 determines an optimum FEC strategy, an optimum interleaving strategy and/or an 
optimum ARQ strategy as well as optimum values of FEC parameters, of interleaving parameters and/or of ARQ pa- 
rameters at that transmission path conditions, as the similar manner as that of the stralegy and parameter determining 
unit 25 in the embodiment of Fig. 1 . M 

It is desired to have following qualitative relations between the condition parameter values and the FEC strategy 
the interleaving strategy and the ARQ strategy as well as values of FEC parameters, of interleaving parameters and 
of ARQ parameters. 

(1) Relation between a Doppler frequency (fading rate, inverse value of fading period) and an interleaving length 

Lower Doppler frequency (slower fading rate) will result longer interleaving length (interleaving block length 
x interleaving depth). 

(2) Relation between a fading depth, a mean C/N and a delay variance, and ARQ control 

When the mean C/N is large, the fading depth is small and the delay spread is small "no ARQ control should 
be executed. 

(3) Relation between a mean C/N and a delay spread, and a FEC coding rate: 

Higher mean C/N will result larger FEC coding rate, and smaller delay spread will result larger FEC coding 

rate. 



Similar to the mod.ficat.on of the embodiment of Fig. 1, optimum FEC. interleaving and/or ARQ strategies, and 
optimum values of FEC parameters, interleaving parameters and/or ARQ parameters may be directly determined in 
accordance with the statistical information including transmission error information 

Also similar to the modification of the embodiment of Fig. 1. whether respective values of the FEC parameters 
the interleaving parameters and/or the ARQ parameters should be increased or decreased can be finally determined 
in accordance with the statistical information including transmission error information 

Information with respect to thus determined FEC strategy, interleaving strategy, ARQ strategy. FEC parameter 
values, interleaving parameter values and/or ARQ parameter values, or to the determined increasing or decreasing 
direction of the FEC parameter values, interleaving parameter values and/or ARQ parameter values are transmitted 
rem the strategy and parameter determining unit 725 to the sending side ARQ unit 10, the FEC coding unit 11 and 
the interleaving unit 12 in the sending side device 71 by means of an appropriate path at need so as to change the 
error control strategy and/or the parameters during data communication. If the data communication is carried out 
through a bidirectional transmission link, the above-mentioned information will be transmitted via this bidirectional link 
Otherwise, the information will be transmitted to the sending side device 71 via an any another transmission link 

Fig. 8 schematically illustrates a still further embodiment of an error control system for data transmission over a 
d.g.tel mob.le communication system, according to the present invention. As will be apparent from this figure, the error 
control system is constituted by a sending side device 81 and a receiving side device 82 connected with each other 
by a transmission link 3 which includes a radio path. 

In the error control system of the embodiment of Fig. 7. the FEC coding is executed next to the ARQ conversion 
Contrary to this, m the embodiment of Fig. 8, the ARQ conversion follows the FEC coding. Therefore, in the sending 
side device 81, the ARQ unit 10 is positioned between the FEC coding unit 11 and the interleaving unit 12. whereas 
in the receiving side device 82. the ARQ unit 20 is positioned between the deinterleaving unit 22 and the FEC decodinq 
unit 21 Const.tution. operations and advantages of this embodiment are the same as these in the embodiment of Fig 
7 except that the order of ARQ and FEC is reversed. In this embodiment shown in Fig 8, the similar elements as that 
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in the embodiment of Fig. 7 are provided with the same reference numerals. 

Fig 9 schematically illustrates an another embodiment of an error control system for data transmission over a 
digital mobile communication system, according to the present invention. As will be apparent from this figure, the error 
control system is constituted by a sending side device 91 and a receiving side device 92 connected with each other 
5 by a transmission link 3 which includes a radio path. 

In the error control system of this embodiment, only an ARQ strategy is executed without accompanying any FEC 
and interleaving strategies. Therefore, in the sending side device 91 , output of the ARQ unit 10 is directly applied to 
the transmitter unit 13, whereas in the receiving side device 62, output of the receiver unit 23 is directly applied to the 
ARQ unit 20. A transmission path condition detecting unit 924 detects transmission path conditions in accordance with 

io error relating information provided from the receiving side ARQ unit 20 and information provided from the receiver unit 
23 as well as in accordance with the modified information thereof, and output condition parameter values. A strategy 
and parameter determining unit 925 in the receiving side device 92 determines only an ARQ strategy and/or its pa- 
rameters depending upon the condition parameter values provided from the transmission path condition detecting unit 
924. Constitution, operations and advantages of this embodiment are the same as these in the embodiment of Fig. 7 

*5 except that this embodiment does not carry out FEC, interleaving and deinterleaving operations. In this embodiment 
shown in Fig. 9, the similar elements as that in the embodiment of Fig. 7 are provided with the same reference numerals. 

Fig. 1 0 schematically illustrates a further embodiment of an error control system for data transmission over a digital 
mobile communication system, according to the present invention. In this embodiment, mobile terminals A and B, each 
of which has both a sending side device and a receiving side device and can be used for bidirectional data communi- 

20 cation, have the same constitution with each olher and are connected via the transmission link 3. In the figure, the 
same reference numerals are given for the similar elements as that in the embodiment of Fig. 7. 

In this embodiment, information with respect to FEC strategy, interleaving strategy, ARQ strategy, FEC parameter 
values, interleaving parameter values and/or ARQ parameter values, or to increasing or decreasing direction of the 
FEC parameter values, interleaving parameter values and/or ARQ parameter values can be transmitted from the re- 

25 ceiving side to the sending side via the bidirectional transmission link. In practice, the information of the strategy and/ 
or its parameters determined at the strategy and parameter determining unit 725 is inserted into output data to be 
transmitted at a strategy/parameter information inserting unit 1 9 in one mobile terminal for example B. Thus, the infor- 
mation of the strategy and/or its parameters is sent to the other mobile terminal A via the link 3. In the mobile terminal 
A, the transmitted information of the strategy and/or its parameters are extracted at a strategy/parameter information 

30 extracting unit 29 and the extracted information are applied to the ARQ unit 10, the FEC coding unit 11 and the inter- 
leaving unit 12 so as to change the strategy and/or its parameters. On the other hand, the ARQ control information 
produced at the receiving side ARQ unit 20 in the mobile terminal B are inserted at the sending side ARQ unit 10 in 
this mobile terminal B, and transmitted to the mobile terminal A via the bidirectional transmission link 3. Constitution, 
operations and advantages of this embodiment are the same as these in the embodiment of Fig. 7 except that this 

35 embodiment carries out bidirectional data transmission. 

Fig. 1 1 schematically illustrates a further embodiment of an error control system for data transmission over a digital 
mobile communication system, according to the present invention. In the aforementioned embodiments, condition 
parameters are obtained depending upon statistical information including transmission error information, and then an 
optimum error control strategy and/or optimum parameter values for the transmission path conditions represented by 

40 the obtained condition parameter values are determined. However, in this embodiment, an optimum FEC strategy, 
interleaving strategy, optimum FEC parameter values and/or optimum interleaving parameter values are directly de- 
termined in accordance with the statistical information including transmission error information. Namely, relations of 
optimum strategies and/or their parameter values with respect to the statistical information including transmission error 
information are preliminarily obtained from the relations between the statistical information including transmission error 

45 information and the condition parameters and from the relations between the condition parameters and optimum strat- 
egies and/or their parameter values. The obtained relations are preliminarily stored in a strategy and parameter de- 
termining unit 1 1 25 in a receiving side device 1 1 2 shown in Fig. 1 1 . If the relation can be represented by mathematical 
expressions or approximate expressions, the expressions are stored. Otherwise, data tables representing the relation 
between the statistical information including transmission error information and optimum strategies and/or their pa- 

50 rameters may be stored. Table 3 indicates an example of these tables. 
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By reference to the stored relations, the strategy and parameter determining unit 1125 determines an optimum 
FEC strategy, interleaving strategy, optimum FEC parameter values and/or optimum interleaving parameter values are 
directly determined in accordance with the statistical information including transmission error information. Constitution, 
operations and advantages of this embodiment are the same as these in the embodiment of Fig. 1 except that this 
embodiment directly obtains the error control strategy and/ or parameter values from the statistical information. In Fig. 
11, the similar elements as that in the embodiment of Fig. 1 are provided with the same reference numerals. 
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According to the aforementioned embodiments of the present invention, a throughput of 0 5 or more can be 
ach,eved by determining optimum error control strategy accompanied with the RS codes and/or optimum strateav 
6Ven Und6r transmission P a,h conditions of Rayleigh fading environment wherein the C/N ratio is about 
10 dB. If the commun.cat.on is executed near the base station, a higher throughput close to 1.0 can be attained bv 
determining optimum error control strategy and/or optimum strategy parameters 

Many widely different embodiments of the present invention may be constructed without departing from the spirit 

!lh^° Pe ? L Pf f T ir T nti ° a " Sh0U ' d be unders,ood ,hat ,h * P^sent invention is noHimited to the specific 
embodiments described in the specification, except as defined in the appended claims 



Claims 
1 



4. 



7. 



8. 



the si™ T r °' me,h0d Wire ' e$S data transmission over a di 9 i,al mobi,e communication system, comprising 



the steps of 

obtainin 
ceiving side; 



ceivinTside"" 9 *** COmmunication ' stalislical information including transmission error information at a re- 
determining an error control strategy and/or a value of at least one parameter of said error control strategy 
which are optimum for transmission path conditions at that time, based upon the obtained statistical informa- 

using the determined error control strategy and/or the at least one parameter for the error control during data 
communication. y 



The method as claimed in claim 1 . wherein said determining step includes a first selection step of selecting values 
of condition parameters wheh represent conditions of a wireless transmission link, based upon said obtained 
stat.stica information, by reference to a preliminarily determined relation between the statistical information and 
the condign parameter values, and a step of determining the error control strategy and/or the at least one param- 
eter of sad error control strategy based upon the selected condition parameter values. 

The method as claimed in claim 2. wherein said determining step includes a second selection step of selecting an 

ul ?f ° r ? ,ea J ° ne Par3me,er °' errorcontrol stra <egy ^ich are optimum for transmission 
pa h conations at that time, based upon said selected condition parameter values, by reference to a preliminarily 
determined relation between the condition parameter values and the error control strategy and/or the at least one 
parameter of said error control strategy. 

The method as claimed in claim 2, wherein said condition parameters include at least one of a fading rate, a fading 
depth, a ratio of mean received signal level to mean received noise level and a delay spread in the wireless trans 
mission iinK. 

The method as cteimed in claim 1, wherein said determining step includes a step of selecting an error control 
SSSLfS? f I ° ne P arame,er of said error control strategy which are optimum for transmission path 
conditions at that tune, based upon said obtained statistical information, by reference to a preliminarily determined 
e^rorTon^ information and the error control strategy and/or the at least one parameter of said 

The method as claimed in claim 1. wherein said statistical information include at least one of a received signal 
level, a received noise level, information of corrected bit/symbol error and information indicating uncorrectable 
error. 



The method as claimed in claim 1. wherein said statistical information include at least one of a number of errors 
occurred per a predetermined period of time, a fluctuation of the number of errors per a predetermined period of 
time, a number of uncorrectable errors per a predetermined period of time, a burst error length, a burst error 
ntcrval, a mean received signal level per a predetermined period of time, a fluctuating width of the received signal 
level per a predetermined period of time, a fluctuating period of the received signal level, and a mean noise level 
per a predetermined period of time. 

The method as claimed in claim 1 . wherein said error control strategy includes a FEC strategy. 
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9. The method as claimed in claim 8, wherein FEC codes used in said FEC strategy are Reed Solomon codes. 

10. The method as claimed in claim 1 , wherein said error control strategy includes an interleaving strategy. 

11. The method as claimed in claim 1 , wherein said error control strategy includes an ARQ strategy 

12. An error control apparatus for wireless data transmission over a digital mobile communication system, comprising: 

a statistical information extraction means for obtaining, during data communication, statistical information in- 
cluding transmission error information at a receiving side; 

a determination means for determining an error control strategy and/or a value of at least one parameter of 
said error control strategy which are optimum for transmission path conditions at that time, based upon the 
obtained statistical information; and 

means for using the determined error control strategy and/or the at least one parameter for the error control 
. during data communication. 

13. The apparatus as claimed in claim 12, wherein said determination means includes a first memory means for storing 
a preliminarily determined relation between the statistical information and values of condition parameters which 
represent conditions of a wireless transmission link, a first selection means for selecting condition parameter values 
based upon said obtained statistical information, by reference to the relation stored in said first memory means, 
and means for determining the error control strategy and/or the at least one parameter of said error control strategy 
based upon the selected condition parameter values. 

14. The apparatus as claimed in claim 13, wherein said determination means includes a second memory means for 
storing a preliminarily determined relation between the condition parameter values and the error control strategy 
and/or the at least one parameter of said error control strategy, and a second selection means for selecting an 
error control strategy and/or at least one parameter of said error control strategy which are optimum for transmission 
path conditions at that time, based upon said selected condition parameter values, by reference to said relation 
stored in said second memory means. 

15. The apparatus as claimed in claim 13, wherein said condition parameters include at least one of a fading rate, a 
fading depth, a ratio of mean received signal level to mean received noise level and a delay spread in the wireless 
transmission link. 

16. The apparatus as claimed in claim 12, wherein said determination means includes a memory means for storing a 
preliminarily determined relation between the statistical information and the error control strategy and/or the at 
least one parameter of said error control strategy, and means for selecting an error control strategy and/or at least 
one parameter of said error control strategy which are optimum for transmission path conditions at that time, based 
upon said obtained statistical information, by reference to said relation stored in said memory means. 

17. The apparatus as claimed in claim 12 : wherein said statistical information include at least one of a received signal 
level, a received noise level, information of corrected bit/symbol error and information indicating uncorrectable 
error. 

18. The apparatus as claimed in claim 1 2, wherein said statistical information include at least one of a number of errors 
occurred per a predetermined period of time, a fluctuation of the number of errors per a predetermined period of 
time, a number of uncorrectable errors per a predetermined period of time, a burst error length, a burst error 
interval, a mean received signal level per a predetermined period of time, a fluctuating width of the received signal 
level per a predetermined period of time, a fluctuating period of the received signal level, and a mean noise level 
per a predetermined period of time. 

19. The apparatus as claimed in claim 12, wherein said error control strategy includes a FEC strategy 

20. The apparatus as claimed in claim 1 9, wherein FEC codes used in said FEC strategy are Reed Solomon codes. 

21. The apparatus as claimed in claim 12, wherein said error control strategy includes an interleaving strategy. 



22. The apparatus as claimed in claim 12. wherein said error control strategy includes an ARQ strategy. 
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lf^T iSSi0n SyS !T COmPriSin9 3 Sendi " 9 SidS deViCS and 3 rece ™9 side device *** delude at least 
T1 P Zh w fr H C ° a ?P ara,uses c,aimed in cl *"» 12. and a bidirectional transmission link for connecting 
said sending side device and said receiving side device. u""«=ung 
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(57) An error control method for wireless data trans- 
mission over a digital mobile communication system in- 
cludes a step of obtaining, during data communication, 
statistical information including transmission error infor- 
mation at a receiving side, a step of determining an error 
control strategy and/or a value of at least one parameter 



of the error control strategy which are optimum for trans- 
mission path conditions at that time, based upon the ob- 
tained statistical information, and a step of using the de- 
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